Ziziphus mucronata has an extensive ethno-botanical use in many areas and has been used for centuries as medicinal plant. The present study was designed to investigate the phytochemical constituents, spasmogenic and antiulcer potential of the ethanolic leaf extract of the plant. The extract was evaluated in White albino rats for anti-ulcer activity and in rabbit jejunum for spasmogenic properties and was found to be relatively less toxic as it contains alkaloids, carbohydrates, cardiac glycosides, glycosides, phlobatannins, saponins, tannins and terpenoids. The protective effects of ethanolic leaf extract of Ziziphus mucronata in aspirin induced epithelial shedding, frank haemorrhage and ulceration was found to be dose dependent. There was no statistically significant difference in the shedding of gastric epithelium between aspirin and the tested doses of the extract (p>0.05). The activity of the extract at 250 mg/kg (p<0.01) and 500 mg/kg (p<0.001) against haemorrhage was found to be statistically significant. However, the activity of the extract at the highest tested dose (500 mg/kg) was found to be better in protecting the stomach from episodic haemorrhage than omeprazole and misoprostol. Further it was observed that 500, 250 and 125 mg/kg of the ethanolic extract had 75, 50 and 25% protection from gastric ulceration respectively, which justifies the use of Ziziphus mucronata as medicinal plant for centuries.
Introduction
Ziziphus mucronata Wild, also known as buffalo thorn, is a small to medium-sized tree, with a spreading canopy belonging to the family Rhamnaceae. It is distributed among the rainfall areas of sub-Saharan Africa, extending from South Africa northwards to Ethiopia and Arabia [1] [2] . In northern Nigeria it is called magarya Kura in Hausa, Divi pkou in higi, Kusulu Bultuye in Kanuri and Huya in Kilba [3] . It is widely grown in mild-temperate to tropical areas dominated by thorny vegetation. It is also found in a wide range of habitats such as woodlands, open scrubland, on rocky koppies, open grasslands, on a variety of soils along streams, nutrient-rich valley bottoms and forest margins [1, 4] . In ethano-medicine, the roots, bark and leaves are used to treat boils, swollen glands, wounds,
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sores and to purify and improve skin complexion [4] . Tas and colleagues [2] reported that the bark and roots of Ziziphus mucronata are used in the treatment of rheumatism, gastrointestinal complaints, and snake bites. In East Africa, the roots are used for treating snake bites, gonorrhea, diarrhea, and dysentery [5] . In South Africa, ethnobotanical survey by Olajuyigbe and Afolayan [1] indicated that this plant is used for gastrointestinal disorders including dysentery and diarrhoea. Adewusi and Steenkamp [6] reported that roots of Ziziphus mucronata showed noteworthy radical scavenging and good acetylcholinesterase inhibitory activity. While some members of the genus Ziziphus have been investigated for most of these activities, there is a dearth of scientific reports to indicate the pharmacological activities of this plant especially on gastrointestinal tract. Therefore, this study was embarked upon to evaluate the antiulcer and spasmolytic activity of the ethanolic leaf extract of this plant so as to justify its ethnomedicinal importance.
Materials and Methods

Collection and preparation of plant materials
The fresh leaves of Ziziphus mucronata were collected from the Dagona village of Bade Government Yobe state. The plant was identified by Professor S.S. Sanusi of the Department of Botany Faculty of Sciences, University of Maiduguri. The fresh leaves of the plant were collected and dried under shade for a period of 7 days and ground into powder with the aid of a mortar and pestle and was then taken to Pharmacognosy laboratory for extraction.
Extraction of the plant material
About 250 g of the powdered leaves were weighed and subjected to maceration using 600 ml of 95% ethanol. The mixture was stirred and kept for 24 hours. The mixture of the sample was then filtered. The filtrate was evaporated under reduced pressure using rotary vacuum evaporator at 50 o C, the content was air dried and the ethanol extract was finally obtained.
Experimental Animals
Albino Wistar rats weighing 120-180 g were obtained from the Disease Free Animal House of Department of Pharmacology and Toxicology, Faculty of Pharmacy, University of Maiduguri, Nigeria. The animals were kept in environmentally controlled rooms with free access to food and water.
Preliminary Phytochemical screening
The leaf extract of Ziziphus mucronata was prepared for the screening of alkaloid, saponins, tannins, glycosides, phlobatannins, carbohydrates, flavonoid, steroid, terpenes and carbohydrates using the standard laboratory procedures described by Harbone [7] , Trease and Evans [8] and Sofowora [9] .
Acute toxicity study
Intraperitonial dose (ip) LD 50
A total of 8 adult wistar albino rats weighing between 120-180 g were obtained from the animal house of the Department of Pharmacology and Toxicology University of Maiduguri, Borno state. They were housed in cages at the Research Laboratory, Pharmacology Department of the same institution. They were allowed free access to water and food. After acclimatization period, the animals were grouped into four (labeled as A, B, C and D), each consisting of two rats. The groups were treated respectively at incremental doses of 10mg/kg, 100 mg/kg 1000 mg/kg, 2000 mg/kg of ethanolic leaf extract intraperitonially and observed for the signs of toxicity or mortality as described by Lorke"s method [10] .
Oral dose LD 50
Acute toxicity (Oral LD 50 ) was determined as described by Lorke (1983) . The study was conducted in two phases. In the first phase, three groups of three rats each were administered with the extract at respective oral doses of 10mg, 100mg, 1000mg and 2000 mg/kg. The rats were observed for signs of toxicity and possible deaths for 24 h. In the second phase, another three groups of three rats each were administered respective doses of 2900, 3500 and 5000 mg/kg. They were equally monitored as in phase one for toxicity signs and mortality.
Evaluation of effect of acetylcholine on isolated rabbit jejenum
A freshly prepared rabbit jejenum was mounted in a 25 ml capacity organ bath which contains the necessary requirement for the tissue to survive including physiological salt solution and oxygen. Acetylcholine at the concentration of 100 mg/ml was injected into the organ bath at different doses in which the effect on the isolated jejunum was observed to be dose dependent. Atropine 1 mg/ml was injected into the organ bath at different doses which was observed to antagonize acetylcholine on the isolated tissue.
Evaluation of the effect of histamine and serotonin on isolated rabbit jejunum
Histamine and serotonin were prepared at different concentrations and injected into the organ bath at different doses and were observed to have no effect on the isolated rabbit jejunum at all the tested doses.
Antiulcer activity Experimental design
For determining the anti-ulcer potential of the extract. ,the animals were grouped in following manner; Five animals were used for each group: Group 1: Distilled water (DW) + Aspirin (300 mg/kg), Group 2: Omeprazole (30 mg/kg) + Aspirin (300mg/kg), Group 3: Misoprostol (300 iu/kg) + Aspirin (300mg/kg), Group 4: Ethanol extract (125mg/kg) + Aspirin (300mg/kg), Group5: Ethanol extract (250mg/kg) + Aspirin (300mg/kg) and Group 6: Ethanol extract (500mg/kg) + Aspirin (300mg/kg).
Aspirin induced ulcer model
A non-steroidal anti-inflammatory drug (Aspirin) was given at 300 mg/kg orally and intraperitoneally at an interval of 10 to 15 hours and fasted for 24 h to induce gastric ulceration [11] .
Drug administration
The standard drugs and plant extract were given 30 minutes before each dose of aspirin, by oral administration which was repeated after 10 to 15 hours. Animals were sacrificed six hours after the second dose of aspirin. The stomach was removed, cut along the greater curvature, washed with distilled water, and the ulcer index was scored.
Measurement of the ulcer index
Ulcer scoring was done by viewing ulcers with a magnifying glass. The following arbitrary scoring system was used to grade the incidence and severity of the lesions. Shedding of epithelium = 10, Petechial and frank hemorrhages = 20, One or two ulcers = 30, More than two ulcers = 40 and Perforated ulcers = 50. These were observed in the six different groups of rats and were analyzed statistically.
Statistical analysis
The results were analyzed with Graph Pad Instat software using pooled student T-test. A p<0.05 was considered significant, p<0.01 was considered highly significant and p<0.001 was considered extremely significant.
Results
Preliminary phytochemical screening
The preliminary phytochemical screening of the ethanolic leaf extract of Ziziphus mucronata showed the presence of alkaloids, carbohydrates, cardiac glycosides, glycosides, phlobatannins, saponins, tannins and terpenoids. However, By employing, the Barfoed, Lieberman-Burchard and combined anthraquinone"s test for carbohydrates, cardiac glycosides and glycosides respectively we, were unable to find any of these phytochemicals in the extract (Table 1) .
Acute toxicity
The acute toxicity of ethanolic leaf extract of Ziziphus mucronata in albino rats was found to be greater than 2000 mg/kg and 5000 mg/kg intraperitoneally and orally respectively ( Table 2) .
Effect of ethanolic leaf extract of Ziziphus mucronata on isolated rabbit jejunum
The effects of Acetylcholine (ACh), Histamine (H) and 5-Hydroxytryptamine (5-HT) (serotonin) on isolated rabbit jejunum was found to be dose dependent with maximum response observed at 3.2 mg/ml, whereas the effective concentration of ACh that gave 50% response on the jejunum of rabbit was 1.2 mg/ml. The effect of ethanolic leaf extract of Ziziphus mucronata was found to have no agonistic activity on isolated rabbit jejunum. However, the activity of ACh on the jejunum (21 mm) was antagonized by atropine but potentiated by the ethanolic leaf extract (55 mm). Histamine and serotonin had no activity on the rabbit jejunum. Similarly, the combination of these autocoids with the extract did not yield any response on the rabbit jejunum (Table 3) .
Cytoprotective activity of ethanolic leaf extract of Ziziphus mucronata in aspirin induced gastric ulcer
The protective effect of ethanolic leaf extract of Ziziphus mucronata on aspirin induced epithelial shedding, frank haemorrhage and ulceration was found to be dose dependent. There were no statistically significant difference in the shedding of gastric epithelium between aspirin and the tested doses of the extract (p>0.05). The activity of the extract at 250 mg/kg (p<0.01) and 500 mg/kg (p<0.001) against haemorrhage was found to be statistically significant. However, the activity of the extract at the highest tested dose (500 mg/kg) was found to be better in protecting the stomach from episodic haemorrhage than omeprazole and misoprostol. Omeprazole and misoprostol were able to protect the albino rats from gastric ulceration, whereas 500 mg/kg of the extract was able to protect the rats significantly (p<0.05) from having gastric ulcers when compared with control. It was also observed that 500, 250 and 125 mg/kg of the extract had 75, 50 and 25% protection from gastric ulceration respectively (Table 4) .
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Phytoconstituents
Discussion
The results of the phytochemical screening in the present study is in agreement with the reports of several groups where similar active principles have been detected [12] [13] [14] . The presence of these phytochemicals in this plant supports its traditional use as a pain reliever and therapeutic agent against gastrointestinal tract disorders.
However, the phytochemical report of the present study is in contrast to the reports of Dahiru et al [3] in which terpenoids, phlobatannins and cardiac glycosides were not detected. The differences in plant species, solvent system used in extraction and part of the plant used may be attributable to the lack of these phytochemicals that were Results were expressed as mean ± standard error mean, n = 6, *= significant (p<0.05), **= highly significant (p<0.01), ***= extremely significant (p<0.001) relative to aspirin used as control, SE = Shedding of epithelium, FH = Frank haemorrhage, PF = Perforation not detected because Dahiru and colleagues [3] have used the methanol root extract of Zizyphus mauritiana instead of the ethanol leaf extract of Zizyphus mucronata used in the present study. The relative less toxicity of the ethanolic leaf extract observed in this study agrees with the report of Abubakar et al [15] in which aqueous extract of the pulp was found to be less toxic. In present study acetylcholine was found to have contractile effect on the isolated rabbit jejenum which was observed to be dose dependent. This finding is in agreement with the reports of several groups [16] [17] [18] where similar observation was made. This effect was found to be blocked by atropine but was potentiated by the ethanolic leaf extract. The enzyme, acetylcholinesterase, binds and cleaves acetylcholine to choline and acetate. Inhibitors of AChE indirectly produce a cholinergic action by preventing the hydrolysis of ACh formed endogenously at the cholinergic nerve endings. This results in the build-up of ACh levels in the synaptic space and thus AChE inhibition results in a cholinomimetic action in the body [16] . This is not due to its direct effect on the receptor but may be due to its inhibitory activity on the enzyme acetylcholineasterase which agrees with the report of Adewusi and Steenkamp [6] who had done similar activity in the central nervous system. The report of Adewusi and steenkamp [6] justifies the use of this plant as curative in the management of Alzheimers disease. In this study, the ethanolic leaf extract showed a significant protection against aspirin induced peptic ulcer and the effect is seen to be dose dependent which signifies that an increase in the dose of the extract, confers better activity. This is in agreement with the study carried out by Kalra et al [17] in which similar observations was made. However, the higher degree of protection observed in their report when compared to the present study can be attributed to the fact that the animal model (ibuprofen induced peptic ulcer) they have used was different from the animal model (aspirin induced peptic ulcer) used in the present study. Although the mechanism underlying the antiulcerogenic effect seen here remains unknown, it may be related to the flavonoid derivatives present in Ziziphus mucronata extract [18] . The possible protective effect of the plant fraction in NSAIDS induced ulcers may be due to increased mucus secretion [17, 19] .
Conclusion
The ethanolic leaf extract of Ziziphus mucronata contains phytochemical compounds that may be responsible for the antiulcer and anticholinesterase activity observed in present study. The therapeutic potentials of Ziziphus mucronata in the management of gastrointestinal and neurological disorders by traditional healers amply justifies the acclaimed activity.
